Nano-sized silica powders was prepared using oil shale ash (OSA) as starting materials. A combined process was proposed for the utilization of OSA in the production of the nanosilica, including three stages: calcination, alkaline leaching and carbon dioxide separation. Effects of the calcining temperature, sodium hydroxide concentration and holding time on the desilication ratio were investigated. The microstructure and morphologies of the nano-sized silica were characterized by X-ray diffraction, transmission electron microscopy, and Brunauer-Emmett-Teller nitrogen-gas adsorption method. The results indicated that the obtained powders with particle size of about 40 nm are homegeneously dispersed and its specific surface area is 387 m 2 /g. The properties of the nano-sized silica powder meet the requirements of the Chinese Chemical Industry Standard HG/T 3061-1999.
INTRODUCTION
Oil shale ash (OSA) is a by-product from oil shale processing, such as generating electricity or extracting oil, generally accounts for about 90 wt% of the raw oil shale. The use of oil shale as a resource of energy has been rising up since last two decades. 1 The use of oil shale is accompanied with a large amount of OSA, which as a result cause serious environmental pollution without proper treatment. In order to reduce the pollution from OSA, many solutions and researches have been reported such as producing building materials, silica powders, alumina powders, zeolite, adsorbent and tobermorite. [2] [3] [4] [5] [6] Nano-sized silica has important potential application in electronic packaging materials, polymer composite materials, ceramics and biomedical field etc. [7] [8] [9] [10] Our previous survey indicated that most of OSA in China was high-silica ash with a great quantity of SiO 2 (> 50%). In this paper, we aim to synthesize nano-sized precipitated silica powder using OSA as raw materials via a combined process. claimed from Zhongneng Electric Power in Maoming, Guangdong, China. X-ray diffraction results of Figure 1 revealed that the main phases in the raw OSA are quartz, kaolinite, magnetite. The carbon dioxide gas, with a purity of 99.99%, was supplied by Beijing BEIWEN Gas Factory. Both sodium hydroxide and sulfuric acid were analytical grade and supplied by Beijing Chemical Factory.
EXPERIMENTAL DETAILS
The chemical compositions of the OSA are determined by fully chemical analysis. X-ray diffraction (XRD) analysis was carried out by D/Max-rA (Rigaku) with Cu K radiation. Powder morphology and dispersion were observed through transmission electron microscope (TEM, JEM-2100HR). The N 2 adsorption measurement was applied by a surface analyzer (ASAP 2011) and the BET surface area was calculated. Figure 2 shows the flow chart for preparing the nanosized silica powders. The process mainly consists of three stages: raw materials calcining, alkaline leach and carbon dioxide separation. The OSA samples were calcined at 750-950 C for 2 hours in a Muffle furnace to remove remained organic carbon and to further activate sillicon aluminate mineral. Alkaline leach was carried out by mixing 30 g activated OSA and 120 ml 15% sodium hydroxide solution in a three-neck flask with a condenser to dissolve the silica component. After leaching at 99 C for 3 hour, the mixture was filtered through a Buchner funnel and the residue was washed with boiling water. The sodium silicate solution was added into a three-neck flask with a condenser and constantly stirred and heated to 80 C. Carbon dioxide was slowly introduced into above solution to make them react completely. As the carbon dioxide was introduced, the solution became turbid, and formed white precipitate. The reaction finished when the pH value of the solution rose up to 8. The mixture was further aged for 60 min at 80 C. The resulting white precipitate was recovered through filtering and refining with 2% diluted sulfuric acid under ultrasonic radiation for 15 min. The precipitate was washed with boiling distilled water for three times then dried at 110 C for 8 hours to obtain nano-sized silica powder. 
Experimental Process

RESULTS AND DISCUSSION
The XRD pattern of nano-sized precipitated silica product prepared from OSA is shown in Figure 3 . There is no sharp crystalline diffraction peaks except a dispersed peak at 20-30 , which indicates the sample is amorphous silica. Figure 4 shows the TEM micrograph of the precipitated silica powder. The obtained powder is well dispersed without obvious agglomerate and the single particle size is about 40 nm. The electron diffraction pattern shows some diffuse concentric circles, indicating that the sample is amorphous silica powder, which agree with XRD results. Figure 5 shows N 2 adsorption-desorption isotherm of the precipitated silica. The sample has a high specific surface area of 387 m 2 /g, pore volume of 0.28 cm 3 /g, and pore size of 4.60 nm. The isotherm curve was the IV type which is the characteristic feature of the mesoporous materials. 11 The adsorption-desorption branches of the sample is almost showing the H 3 type of adsorption loop.
The Physicochemical properties of nano-sized precipitated silica powders are shown in Table I . The precipitated 
CONCLUSION
A new combined process for extracting silica from the OSA is proposed. Under optimized conditions, the extraction efficiency of silica is around 71%. Uniform nano-sized precipitated silica powder can be obtained by the effective combination of alkaline solution and carbonation. The average size of the powder is about 40 nm with high specific surface area. The properties of the precipitated silica meet the requirements of the chemical industry standard. This process provides a new route for preparing nano-sized precipitated silica from oil shale ash.
